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EUSTIS DIRECTORATE POSITION STATEMENT

The recommendations presented in this report concerning
helicopter fuel system reliability are based on a highly
responsive review of a wide range of failure reports and
Engineering Change Proposals, and they are believed to
provide a rational basis for improving the design, test,
and quality assurance aspects of specifications and re-
quirements documents related to Army aircraft fuel sys-
tems. The Supplemental Design Guide presented in Volume
II is recommended for use as an attachment to appropriate
fuel system specifications and standards pending revisions
to these documents. The reliability and maintainability
(R&M) improvements available through use of the recom-
mended revisions appear to be achievable with virtually
no cost and/or weight penalty.

This contract is one of a series of efforts being con-
ducted by this Directorate aimed at investigating and
improving the effects of design, test, and quality
assurance requirements documents on Army aircraft R&M
characteristics. Other efforts include hydraulic,
electrical, and flight control systems.
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PREFACE

This volume contains a list of documents, including applicable
military specifications, that should be considered in the de-
sign of helicopter fuel systems. Recommended specification
revisions and newly established requirements in the form of
two complete draft specifications are also included.

The revisions and requirements contained herein are based upon
the results of a study conducted for the Eustis Directorate of
the U. S. Army Air Mobility Research and Development Labora-
tory under Contract DAAJ02-73-C-0072 (DA Task 1F162205A11903),
documented in Veclume I.
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REVISIONS TO EXISTING FUEL SYSTEM SPECIFICATIONS

MIL-STD-801 - Acceptance Standards for
Powerplant Fluid Tank
Fittings 27 May 1959

There are no revisions.

MIL-V-5018A - Valves, Fuel Selector 17 February 1953

Page 3: Add paragraph 3.2.4, as follows:

"3.2.4 Cable-operated valves. Cable-operated remote
valves shall be provided adequate end gap to compensate
for cable flex in compression mode."

Page 14, paragraph 4.5.7: Delete and substitute the fol-
_/;> lowing: .

"4.5.7 Contaminated-fuel endurance. Fuel containing the
quantity and type of coantaminant specified in MIL-F-8615
shall be pumped through the valve in a recirculating sys-
tem. The valve shall be rotated at an average speed of
1 revolution per minute for 2000 revolutions (1000 clock-
wise and 1000 counterclockwise). Rotation shall be step-
wise, pausing at each valve position for an equal time
period. Fuel shall be circulated at the rated flow speci-
fied in 4.5.3.6 for the first 500 revolutions, then at 10
percent rated flow for the remaining 500 revolutions. Re-
peat these flow rates in the opposite direction. Fuel
pressures shall not exceed 60 psi. The fuel shall be
properly agitated to keep the contaminant uniformly dis-
tributed in the circulating fuel. After this test, the

l valve shall be drained and tested for leakage and torque
in accordance with paragraphs headed Interport air-
pressure leakage, Interport air-suction leakage, Normal
torque, and Torque under pressure. The leakage and
torque shall not exceed the values specified therein."

Page 16, Table III: Delete this table.

Page 16, paragraph 4.5.9: Delete and substitute the fol-
lowing:

"4.5.9 Burst pressure. With valve in the closed position,
a fluid pressure of 180 psi shall be applied for a period
of 1 minute successively to each port. There shall be no
evidence of distortion or other injury to any part of the

valve. When the pressure is lowered to 60 psi and held at
each pressure for 5 minutes, there shall be no evidence of
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distortion or other injury to any part of the valve.

When the pressure is lowered to 60 psi and held at each
pressure for 5 minutes, there shall be no evidence of ex-
ternal leakage from any portion of the valve. The test
shall be repeated with each port of the valve successively
in the open position and all other ports plugged."

MIL-P-5238B - Pump, Centrifugal, Fuel Booster
Aircraft, General Specification
for 2 February 1961

Page 10, paragraph 4.4.4: Under Pump No. 2, change test
designations " (k), (1), (m), (n), (0)" to "(m), (n), (o), (p),
(q) u.

Page 10, paragraph 4.4.4: Add the following tests to
Pump No. 2:

"(k) Service flow rate endurance 4.6.14.,2"
" (1) Contaminated fuel endurance 4.6.14.3"

Page 13, paragraph 4.6.14.1.1, line 7: following "alti-
tude of 80,000 feet" add " (25,000 feet for rotary-wing air-
craft)"”. }

Page 13, paragraph 4.6.14.1.2, line 10: following "alti-
tude of 50,000 feet" add " (25,000 feet for rotary-wing air-
craft)".

Page 13: Add paragraph 4.6.14.2, as follows:

"4.6.14.2 Service flow rate endurance. Pumps shall be
operated continuously for 1200 hours at normal service
(cruise) flow rates at sea level. The fuel temperature
and ambient air temperature shall be held between 60° and
105°F throughout the test. Upon completion of the test,
the pump shall be recalibrated and shall conform to the
calibration requirements of the model specification.”

Page 13: Add a new paragraph 4.6.14.3, as follows:

"4.6.14.3 Contaminated fuel endurance. The contaminated
fuel test shall be conducted in accordance with MIL-F-8615.
The pump shall be operated 12 hours at rated flow and 12
hours at 10 percent rated flow. Upon completion of the
test, the pump shall be recalibrated and shall conform to
the calibration requirements of the model specification.”

12



MIL-F-5577B - Fittings, Tank, Powerplant

Specification for

Page 8, paragraph 4.5.2.2.1:
and substitute the following:

Fluid, Removable, General

27 May 1959

Delete the first sentence

"Specimens of rubber stocks for type I fittings shall be
subjected to immersion in TT-S-735, type III fluid for
30 days."

Page 12, Table VII:

following revised table:

Delete Table VII and substitute the

TABLE VII. FUEL RESISTANCE AND EXTREME TEMPERATURE
(TYPE I FITTINGS ONLY)
Temper- Pres-
ature sure Vibra-| Instruc-
Cycle| Test Fluid (°F) [(psig) Time tion tions
1 TT-S-735 +135 0 5 days No |[Fitting
(type III) assembled
. +158 Fitting
2 RS {12 & 1 day L assembled
3 TT-S-735 Fitting
+ N
(type III) bae ? > days = assembled,
with 0,01% agitate 3
by volume times daily
entrained
water
4 |Dry Air 1558 0 |20 hours| No
5 JP-4 Room 5 3 days No
: +158 120 Vibrate for
6 Dy HLr 212 v hours b first 24
hours
7 TT-S-735 -65 0 24 hours| No
(type I)
8 TT-S-735 -65 5 48 hours Yes |Vibrate for
(type I) last 24
hours only

13



MIL-T-5578 - Tank, Fuel, Aircraft, Self-
) Sealing 31 July 1963

Page 11, paragraph 4.4.1: Add the following at the end
of the paragraph:

"(e) Leakage (4.6.1.5)"
Page 12: Add paragraph 4.6.1.5, as follows:

"4.6.1.5 Leakage. The tank, with all openings sealed,
shall be subjected to the internal air pressure specified
in the manufacturer's approved inspection specification.
The tank shall then be completely submerged in water or
covered completely with soapy water. Leakage, as indi-
cated by the presence cf air bubbles forming in the water
or soapy water solution, shall be cause for rejection.

If approved by the procuring activity, the tank may be
subjected to an unconfined liquid stand test using TT-S-
735, type III test fluid at room temperature for 24 hours
with a head of 48 inches on the bottom of the tank with-
out evidence of leakage."

Page 12, paragraph 4.6.2: Delete and substitute the fol-
lowing:

"4.6.2 Stand. A class A cell shall be collapsed and held
strapped for 30 minutes in a position comparable to that
encountered prior to installation in its respective air-
craft cavity, then released and adequately supported in
normal ground attitude. Both class A and class B cells
shall be filled with type III fluid containing 0.1 percent
water by volume. During the filling process, the capacity
test (4.6.7) shall be conducted on class B tanks to de-
termine conformance with paragraph 3.5.2. Cells shall
then be tested in accordance with the following time cycle:

(a) First cell selected 90 days
(b) Second cell 30 days
(c) Third cell 30 days

This time cycle shall be repeated for additional cells
chosen in accordance with paragraph 4.4.2.2 for the dura-
tion of the contract. Upon completion of the test and at
the intermediate inspections, the cells shall be carefully
examined for any evidence of failure. After the examina-
tion, if faulty performance is indicated, the cell shall
be dissected in the sump area, as shown in Figure 2, and
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inspected for evidence of failure. 1In thec event of fail-
ure of this test, the procuring activity and the con- .
tractor shall be notified. Bulletin No. 107 shall apply.

Page 16, paragraph 4.6.5.1, line 5: Delete "24 hours"

and substitute "3 days".

Page 18, paragraph 4.6.5.5: Delete and substitute the

following:

"4.6.5.5 Stand. Following the slosh resistance test
(4.6.5.2), a 90-day stand test shall be conducted on the
No. 3 test cell. For this test, the cell shall be prop-
erly supported, completely filled with type III fluid
containing 0.1 percent water by volume, and allowed to
stand. The cell shall be carefully examined every 30 days
for any evidence of failure. After 90 days, if no evi-
dence of failure is found, the cell will be considered as
satisfactorily conforming to this test."

Page 20, paragraph 4.6.10, sentence 8: Delete and sub-

stitute the following:

"The tank shall then be filled with type III fluid, con-
taining 0.1 percent water by volume and a staining agent,
and allowed to stand at ambient temperature for a period
of 80 days, at which time the fluid shall be drained and
the tank examined for any unsatisfactory condition or

indication of fuel leakage as shown by any indication of

stain on the brown paper or activation of the tank seal-
ant.”

Page 20, paragraph 4.6.10.1: Delete and substitute the

following:

"4.6.10.1 Dissection. After completion of the above
test, the cell shall be dissected in the sump area, as
shown in Figure 2. The sectioned portion of each cell

shall be examined for conditions outlined in Bulletin
No. 107."

MIL-T-5624H - Turbine Fuel, Aviation,

Grades JP-4 and JP-5 30 October 1970

There are no revisions.
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MIL-G-5672 - Gages; Fuel and 0il Quantity,
Float Type, Aircraft,
General Specification for 22 March 1950

Page 13, paragraph 4.3.2.1: Make the following changes:

l. Change heading of "4.3.2.1 Tank unit immersion at
room temperature"” to "4.3.2.1.1 Fuel immersion'.

2. Add general heading of "4.3.2.1 Contaminated fuel
endurance"”.

3. Add the following paragraph:

"4,3.2.1.2 Solid particle contamination. The tank
unit shall be immersed for 5 hours in TT-S-735, type
III test fluid containing the types and concentra-
tions of contaminants specified in MIL-F-8615. The
test fluid and contaminant shall be circulated for
l-minute periods every 30 minutes during the test
period. Any corrosion, binding, or tendency to stick
shall be cause for the rejection of the lot of tank
units."

MIL-I-6181D - Inteference Control Requirements,
Aircraft Equipment 25 November 1959

There are no revisions.

MIL-T-6396C - Tanks, Fuel, 0il, Water-Alcohol,
Coolant Fluid, Aircraft Non-
Self-Sealing, Removable,
Internal 7 June 1965

Page 15, paragraph 4.6.2: Delete and substitute the fol-
lowing:

"4.6.2 Stand test (sampling). The type II cells se-
lected in accordance with 4.4.2.2 shall be svijected to
the following test: The cell shall be czliapsed and held
strapped for 30 minutes in a position comparable to that
encountered prior to installation in its respective air-
craft cavity, then released and adequately supported in
the normal ground attitude. The cell shall then be filled
with the applicable test fluid as specified in 4.5.1. The
fluid shall contain a satisfactory staining agent. 1In
addition, the test fluid for fuel tanks shall contain 0.1
percent water by volume. The cell shall be stand tested
as follows:
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(a) Each cell selected from the lot shall be stand
tested for 90 days.

(b) Each cell shail be inspected at approximately
30-day intervals.

Upon completion of the test, and at the intermediate in-
spections, the cell shall be carefully examined for any
evidence of failure and to determine conformance with
the standards listed in ANA Bulletin No. 435. After the
examination, if faulty performance is indicated, the cell
shall be dissected at strategic points (such as areas
adjacent to fittings, repaired sections, sump areas, and
points of abrupt change in contour and corners) and fur-
ther examined for evidence of failure. 1In the event of
failure of this test, the procuring activity and con-
tractor shall be notified. An alternate method for de-
tecting leakage during this test is acceptable if ap-
proved by the procuring activity."

Page 18, paragraph 4.6.9: Add "plus 0.1 percent water by

volume for fuel tanks" to the end of the second sentence.

MIL-C-7024B - Calibrating Fluid, Aircraft

Fuel System Components 19 May 1969

There are no revisions.

MIL-H-7061A - Hose, Rubber: Aircraft Self-

Sealing, Aromatic Fuel 6 June 1966
Page 5: Add paragraph 3.5.7, as follows:

"3.5.7 Performance of hose assemblies. Hoses assembled
with applicable end fittings shall satisfy the perfor-
mance requirements specified in Section 4 when subjected
to the following tests:

(a) Proof pressure (4.6.2)
(b) Burst pressure (4.6.6, 4.6.6.1)"
Page 7: Add paragraph 4.4.1.2, as follows:

"4,4,.1.2 Additional samples. The qualification test
samples shall also inciude a sufficient length of hose of
each size upon which qualification is desired to make up
three test assemblies with each of the end fittings con-
forming to MS28752, MS28753, MS28754, MS28755, and MS28756.
The test assemblies shall have a free length of 12 inches
between fittings."
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Page 7, paragraph 4.5.1: Delete and substitute the fol-

lowing:

"4,5.1 Individual tests. Each length of hose and each
hcse assembly submitted for acceptance under contract
shall be subjected to the following tests:

(a) Examination of product
(b) Proof pressure (4.6.2)"

Page 8, paragraph 4.6.1: Delete and substitute the fol-

lowing:

"4.6.1 Examination of product. All hoses and hose as-
semblies shall be carefully examined to determine confor-
mance with this specification with respect to materials,
workmanship, construction and marking."

Page 8, paragraph 4.6.2: Delete and substitute the fol-

lowing:

"4,6.2 Proof pressure. Each length of hose and each hose
assembly shall be subjected to 100 *5 pounds per square
inch, using fuel conforming to TT-S-735, or water, for 5
minutes. Hoses shall show no signs of leakage through the
hose wall or cover, and hose assemblies shall show no
signs of leakage through the hose or between the hose and
end fittings. Proof pressure tests of hose only may be
accomplished with any suitable end fittings."

Page 8, paragraph 4.6.5.2: Delete this paragraph.
Page 9, paragraph 4.6.5.3: Delete this paragraph.
Page 11: Add paragraph 4.6.15, as follows:

"4,6.15 Fuel immersion. A 1l2-inch length of hose shall
be immersed in fluid conforming to TT-S-735, type III, for
72 hours at a temperature of 135°F. Upon completion of
this period, the gample shall be removed and, at room
temperature, shall pass the proof pressure test of 4.6.2.
The hose shall then be dissected longitudinally, and any
indication of disintegration such as ply separation,
solubility of component parts, porosity, blistering, or
collapse shall be cause for rejection."
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MIL-C-7413B - Couplings, Quick-Disconnect,
Automatic Shutoff, General
Specification for 2 February 1970

Page 4, paragraph 3.6.1.1.1: Add the following sentence
to the end of the paragraph:

"The locking mechanism shall be designed to reduce the
possibility of human error during assembly and mainte-
nance."

Page 14, paragraph 4.6.14.3: Add the following sentence
to the end of the paragraph:

"The last three cycles (60 hours duration) shall be con-
ducted with a 5-pound tensile load applied on the coupling
through the hose."

MIL-V-7899A - Valves, Check, Aircraft
Fuel System 16 June 1970

There are no revisions.

MIL-G-7940C - Gages, Liquid Quantity, Capacitor
Type, Installation and Calibra-
tion of 20 August 1971

There are no revisions.

MIL-P-8045B - Plastic, Self-Sealing and
Non-Self-Sealing Tank
Backing Material 10 April 1964

There are no revisions.
MIL-C-8605 - Cap; Pressure Fuel Servicing 14 July 1953
There are no revisions.

MIL-V-8608A - Valves, Fuel Shutoff,
Electric Motor Operated 19 April 1963

Page 11, paragraph 4.6.8: Add the following sentence to
the end of the paragraph:

"(e) Valves equipped with thermal relief provisions

shall be subjected to the thermal relief operation
test (4.6.5)."
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MIL-V-8610A - Valves, Fuel Shutoff
Solenoid Operated,
28 Volt DC 11 December 1968

Page 10, paragraph 4.6.4: Delete and substitute the fol-
lowing:

"4.6.4 Contaminated fuel endurance. Fuel containing the
quantity and type of contaminant specified in MIL-F-8615
shall be pumped through the valve in a recirculating sys-
tem. The valve shall be operated at the rate of 6 cpm
with the solenoid energized approximately 75 percent of
the time for 1000 cycles at rated flow and 1000 cycles at
10 percent of rated flow. The fuel shall be properly agi-
tated to keep the contaminant uniformly distributed in the
circulating fuel. An inlet pressure of 25 psi shall be
maintained on the valve with the valve discharge re-
stricted to obtain flow rates. The dynamic leakage test,
using a shutoff pressure of 25 psi instead of the 60 psi
specified in 4.6.6.1, shall be conducted periodically at
least once every 200 cycles. At the conclusion of the
test, the valve shall be subjected to the calibration
tests of 4.6.2."

Page 11, Table I: Delete this table.

MIL-F-8615C - Fuel System Components, General
Specification for 26 February 1969

Page 16, paragraph 4.6.5: Add the following sentence to
the end of paragraph:

"(c) All components in which lubrication or sealing is
dependent on fuel flow shall be subjected to an
endurance test of 1200 hours of continuous opera-
tion at normal service (cruise) flow rates in addi-
tion to the 1200-hour test at maximum operating
load conditiona.”

Page 23, Table IV: Add the following to the altitude test
setup:

" (25,000 feet for rotary-wing aircraft)"”.

Page 24, paragraph 4.6.5.3: Delete the last sentence and
substitute the following:

"Altitude shall be at least 60,000 feet for fixed-wing

aircraft and at least 25,000 feet for rotary-wing air-
craft."”
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Page 26, paragraph 4.6.7.1: Delete the next to the last
sentence and substitute the fellowing:

"Immediately following the circulation period, the com-
ponent shall be drained and the functional and leakage
tests (4.6.3.1 and 4.6.2, respectively) shall be per-
formed."

MIL-S-8710B - Strainer, Airframe Fuel
System, General
Specification for 10 July 1969

Page 7, paragraph 4.3.2: Change test designations from
"(f£), (g), (), (1), (3), (k), ()" to "(g), (h), (i), (3), (Kk),
(1), (m)", respectively. Add the following:

"(f) Functional contamination test (4.6.9)"

Page 13, paragraphs 4.6.9 through 4.6.14: Change para-
graph numbers "4.6.9, 4.6.10, 4.6.11, 4.6.12, 4.6.13, 4.6.14"
to "4.6.10, 4.6.11, 4.6.12, 4.6.13, 4.6.14, 4.6.15", respec-
tively.

Page 13: Add new paragraph 4.6.9, as follows:

"4.6.9 Functional-contamination test. Fuel contaminated
according to MIL-F-8615 shall be circulated through the
strainer at normal cruise flight flow rates until the
bypass system activates. The pressure drop through the
strainer shall be monitored, and full bypass must occur
within the pressure range specified by the procurer. Any
evidence of strainer malfunction, as reflected by sudden
changes in the pressure drop prior to bypass, shall be
cause for discontinuing the test. The strainer shall then
be disassembled and inspected in accordance with 4.6.15."

MIL-H-8794D - Hose, Rubber, Hydraulic,
Fuel, and 0il Resistant 4 February 1971

Page 14, paragraph 4.5.3.5, line 1l: Delete "9 inches"
and substitute "1l2 inches".

Page 14, paragraph 4.5.3.5, line 3: Delete "at room
temperature" and substitute "at a temperature of 135°F",

MIL-H-8795B - Hose Assemblies, Rubber,
Hydraulic, Fu:l and 0il
Resistant 21 March 1966

There are no revisions.
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MIL-C-22263B - Couplings, Fuel Line,
Flexible, 125 psi,
General Specification
for 28 June 1972

Page 9, paragraph 4.6.1.2, line 2: Add "leakage" fol-
lowing "rupture”.

Page 9: Add paragraph 4.6.1.3, as follows:

"4.6.1.3 L=2akage. The test assembly shall be subjected
to pressures ranging from 0 psi to 120 psi in 10-psi
increments and held at each level for 1 minute. During
this time period the coupling shall be flexed at a fre-
quency of 60 cycles per minute with a 1/2° flexire in any
direction. No visible leakage or wetting of the external
surface shall be permitted.”

Page 10, paragraph 4.6.2.1: Add the following sente.ice
to the end of the paragraph:

"The coupling shall also pass the leakage test of 4.6.1.3."

Page 10, paragraph 4.6.2.2: Add the following sentence
to the end of the paragraph:

"The coupling shall also pass the leakage tesi. of 4.6.1.3."

Page 10, paragraph 4.6.2.35: Add the following sentence
to the end of the paragraph:

"The coupling shall also pass the leakage test of 4.6.1.3."
Page 10: Add paragraph 4.6.2.5, as follows:

"4,6.2.5 Contaminated fuel. The test assembly shall be
subjected to the contaminated fuel endurance test of MIL-
F-8615, followed by the leakage test of 4.6.1.3."

Page 11, paragraph 4.6.7: Add the following sentence to
the end of the paragraph:

"The coupling shall also pass the leakage test of 4.6.1.3."

MIL-V-25023B - Valve, Fuel Drain, Self-
Locking 17 August 1967

Page 13, paragraph 4.6.6, last sentence: Delete "flushed
out with clear fuel and".
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MIL-H-25579C - Hrse Assembly, Tetrafluoro-
ethylene, High Temperature,
Medium Pressure 20 February 1967

There are no revisions.

MIL-A-25896D - Adapter, Pressure Fuel
Servicing, Aircraft,

Nominal 2-1/2 Inch
Diameter 14 March 1969

There are no revisions.

MIL-S-25980A - Switch, Float, Aircraft
Fuel Level, General
Specification for 15 June 1965

There are no revisions.

MIL-S-26390A - Switch Assemblies, Pressure,
Aircraft Fuel 20 May 1969

Page 12, paragraph 4.4.3 a: Change numbers of Sample No.
1 Tests from "(6), (7), (8), (9), (10), (11l)" to "(7), (8),
(9), (10), (11), (12)", respectively. Add new test (6) as
follows:

"(6) Contaminated fuel endurance 4.6.11"

Page 13, paragraph 4.4.3 c: Change numbers of Sample No.
3 Tests from "(6), (7), (8), (9), (10), (11), (12)" to "(7),
(8), (9), (10), (11), (12), (13)", respectively. Add new test
(6) as follows:

"(6) Contaminated fuel endurance 4.6.11"

Page 18, paragraphs 4.6.11 through 4.6.13: Change para-
graph numbers from "4.6.11, 4.6.12, 4.6.13" to "4.6.12, 4.6.13,
4.6.14", respectively. Add new paragraph 4.6.11 as follows:

"4,6.11 Contaminated fuel endurance. The contaminated
fuel endurance test shall be conducted as specified in
MIL-F-8615. Immediately following the test, the switch
shall be drained and subjected to the functional (4.6.4)
and leakage tests (4.6.5)."
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MIL-G-26988B - Gage, Liyguid Quantity,
Capacitor Type, Tran-
sistorized, General
Specification for 2 February 1968

Page 7: Add paragraph 3.11.8, as follows:

"3.11.8 Crashworthy tank units. If the gage is to be
installed in a crashworthy fuel tank or system, the con-
struction of the tank probe unit shall include a slightly
rounded shoe at the bottom of the probe. The probe shall
be of low flexural rigidity or include a frangible sec-
tion which allows column failure of the probe at a load
no greater than 75 foot-pounds per inch of circumference.

Page 20, paragraph 4.5.2.2: Delete "h. Tank unit water
—//> immersion test" and substitute "h. Tank unit immersion test".

Page 30, paragraph 4.6.22: Make the following changes:

l. Change heading of "4.6.22 Tank unit water immersion
test" to "4.6.22.1 Water".

2. Add general heading of "4.6.22 Tank unit immersion
test".

3. Add the following paragraph:

"4.6.22.2 Contaminated fuel. The tank unit assembly of
the gage shall be mounted in a suitable tank and the tank
filled three-quarters or more with fuel conforming to TT-
§-735, type III. The capacitance reading and fuel level
shall be noted. Solid particle contaminants as specified
’ in MIL-F-8615 shall then be added to the fuel. The fuel

and contaminants shall be circulated for l-minute periods
every 30 minutes during a 5-hour test period. At the end
of the test period, the unit shall be removed and placed
in clean type III fluid at the same level reccrded at the
beginning of the test. The indicator reading shall be
noted, and the change of capacitance from the original
reading shall not exceed 1.0 percent of the reference

capacitance."

MIL-V-27393A - Valve, Safety, Fuel Cell
Fitting, Crash-Resistant,

Aircraft, General Specifi-
cation for 24 February 1964

Substitute draft specification MIL-V-27393B, Valves, Self-
Sealing Breakaway, Crash-Resistant, Aircraft Fuel System, con-
tained elsewhere in this report.
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MIL-T-27422B - Tank, Fuel, Crash-Resistant 24 February 1970

Page 13: Add paragraph 4.6.1.4, as follows:

"4,6.1.4 Leakage. The tank, with all openings sealed,
11 be subjected to the internal air pressure speci-
in the manufacturer's approved inspection specifica-
The tank shall then be completely submerged in
= or covered completely with soapy water. Leakage,
tndicated by the presence of air bubbles forming in
;: water or soapy water solution, shall be cause for re-
,ection, If approved by the procuring activity, the tank
may be subjected to an unconfined liquid stand test using
TT-S-735, type III test fluid at room temperature for 24
hours with a head of 48 inches on the bottom of the tank
without evidence of leakage."

Page 13, paragraph 4.6.2: Delete and substitute the fol-
lowing:

"4.6.2 Stand. Prior to the stand test, type I cells
shall be subjected to the fuel resistance of exterior sur-
face test specified in 4.6.6.1. An alternate procedure
for conducting this 3-day test may be used if approved by
the procuring activity. Upon completion of this test,

the outside surface of the cell shall be dried with a
cloth, and the cell shall be stored in an airtight bag or
immediately installed in the cavity used for the stand

test.

Each class A cell shall be collapsed and held strapped for
30 minutes in a position comparable to that encountered
prior to installation in its respective aircraft cavity,
then released and adequately supported in normal ground
attitude. Both class A and class B cells shall be filled
with type III fluid containing 0.1 percent water by volume.
During the filling process, the capacity test (4.6.7.2)
shall be conducted on class B tanks to determine confor-
mance with 3.5.2. Cells shall then be tested in accor-
dance with the following time cycle:

(a) First cell selected 90 days
(b) Second cell 30 days
(c) Third cell 30 days
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This time cycle shall be repeated for additional cells
chosen in accordance with 4.4.2.2 for the duration of the
contract. Upon completion of the test and at the inter-~
mediate inspections, the cells shall be carefully examined
for any evidence of failure. After the examination, if
faulty performance is indicated, the cell shall be dis-
sected in the sump area, as shown in Figure 2, and in-
spected for evidence of failure. 1In the event of failure
of this test, the procuring activity and the contractor
shall be notified. Bulletin No. 107 or 435 shall apply."”

Page 19, paragraph 4.6.6.6, line 2: Add "containing 0.1
percent water by volume" after "type III fluid".

MIL-V-38003 - Valves, Fuel Level Control,
Fuel Tank, Aircraft,
General Specification for 19 May 1966

Page 13, Table II: Add the following contaminant and
quantity:

Contaminant Quantity
Salt water solution shall 0.01% entrained

contain 4 parts NaCl to
96 parts HZO by wt.

MIL-F-38363B - Fuel System, Aircraft,
General Specification
for 13 October 1971

Substitute the draft military specification entitled Fuel
System, Aircraft, Standard and Crashworthy, General Specifica-
tion for, contained elsewhere in this report.

MIL-C-38373A - Cap, Fluid Tank Filler 26 February 1969

There are no revisions.

MIL-H-58089 - Hose Assemblies and Hose,

Rubber, Lightweight,

Medium Pressure, and

End Fittings 10 March 1969

There are no revisions.

MIL-C-83291A - Covers, Self-Sealing,
Fuel Line, Aircraft 10 August 1972

Page 8, paragraph 4.5.8: Delete and substitute the fol-
lowing:
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"4.5.8 Fuel resistance. The covers shall be immersed

for 1 hour in TT-S-735 (type III) fluid at 135°F. Any
swelling, cover deterioration, or cover activation shall

be cause for rejection. If the cover is to be used in
an immersed location, the test time shall be lengthened

to 72 hours."
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MIL-V-27393B
Superseding
MIL-V-27393A
24 February 1964
DRAFT MILITARY SPECIFICATION

VALVES, SELF-SEALING BREAKAWAY, CRASH-RESISTANT,
AIRCRAFT FUEL SYSTEM

1. SCOPE

1.1 Scope. This specification covers the general require-
ments for self-sealing breakaway valves for crash-resistant
aircraft fuel systems.

1.2 Classification. This specification covers fuel system
self-sealing breakaway valves of the following types:

Type I - Cell-to-line

Type II - Cell-to-cell

Type III - Line-to-line

Type IV - Line-to-bulkhead
2. APPLICABLE DOCUMENTS
2.1 The following documents, of issue in effect on date of
invitation for bids or request for proposal, form a part of
this specification to the extent specified herein. 1In the

event of conflict between these specifications and the text
of this specification, the latter shall govern.

SPECIFICATIONS

Federal

NN-P-530 Plywood, Flat Panel

QQ-C-320 Chromium Plating (Electrodeposited)

QQ-P-35 Passivation Treatments for Austenitic,
Ferritic, and Martensitic Corrosion-
Resisting Steel (Fastening Devices)

TT-S-735 Standard Test Fluids, Hydrocarbon

TT-W-572 Wood-Preservative; Water-Repellent

PPP-B-601 Boxes, Wood, Cleated Plywood
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Military

MIL-D-1000
MIL-J-5161
MIL-G-5572
MIL-T+5624
MIL-C-~6021
MIL-C-7024
MIL-I-8500
MIL-F-8615
MIL-A-8625

MIL-S-8879
MIL-N-25027

MIL-C-45662
STANDARDS

Military

MIL-STD-129
MIL-STD-130

MIL-STD-143
MIL-STD-794
MIL-STD-810
MIL-STD-889
MS20995
MS33540

MS33588

Drawing, Engineering and Associated List

Jet Fuel, Referee

Gasoline, Aviation, Grades 80/87, 100/130,
115/145

Turbine Fuel, Aviation, Grades JP-4 and JP-5
Casting, Classification and Inspection of
Calibrating Fluid, Aircraft Fuel System Com-
ponents

Interchangeability and Replaceability of Com-
ponent Parts for Aircraft and Missiles

Fuel System Components, General Specification
for

Anodic Coatings, for Aluminum and Aluminum
Alloys

Screw Threads, Controlled Radius Root with
Increased Minor Diameter, General Specifica-
tion for

Nut, Self-Locking, 240 Deg. F, 450 Deg. F,
and 800 Deg. F, 125 Ksi Ftu, 60 Ksi Ftu, and
30 Ksi Ftu

Calibration System Requirements

Marking for Shipment and Storage
Identification Marking of U. S. Military
Proper. -

Standards and Specifications, Order of Prece-
dence for the Selection of

Parts and Equipment, Procedures for Packaging
and Packing of

Environmental Test Methods

Dissimilar Metals

Wire, Safety or Lock

Safety Wiring and Cotter Pinning, General
Practices for

Nut, Self-Locking, Aircraft Design and Usage
Limitations of
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PUBLICATIONS

Air Force-Navy Aeronautical Bulletin

438 Age Controls of Age-Sensitive Elastomeric
Items

(Copies of specifications, standards, drawings, and publica-
tions required by suppliers in connection with specific pro-
curement functions should be obtained from the procuring
activity or as directed by the contracting officer.)

2.2 Other publications. The folliowing document forms a part
of this specification to the extent specified herein. Unless
otherwise indicated, the issue in effect on date of invitation
for bids or request for proposal shall apply.

Society of Automotive Engineers, Inc.

Aerospace Recommended Practice Pressure Drop Test for Fuel
ARP 868 System Components

(Application for copies should be addressed to the Society of
Automotive Engineers, Inc., Two Pennsylvania Plaza, New York,
New York 10001.)
3. REQUIREMENTS

3.1 First article. This specification makes provisions for
first article inspection. (See 4.3.)

3.2 Classification of requirements.

Requirement Paragraph
Materials 3.4
Parts 3.5
Design 3.6
Construction 3.7
Maintainability 3.8
Performance 3.9
Color and Finishes 3.10
Product Markings 3.11

3.3 Selection of specifications and standards. Specifications
and standards for all materials, parts, and processes which are
not specifically designated herein and which are necessary for
the execution of this specification shall be selected in ac-
cordance with MIL-STD-143.

30



3.4 Materials. Materials and processes used in the self-
sealing breakaway valves shall be suitable for the purpose and
shall conform to applicable Government specifications. Mate-
rials conforming to contractors' specifications may be used
provided the specifications are released to the Services and
contain provision for adequate tests. The use of contractors'
specifications shall not constitute waiver of Government in-

spection.

3.4.1 Metals. All mecals used in the construction of the
valves shall be corrosion-resistant or shall be suitably pro-
tected to resist corrosion during the normal service life of
the valves.

3.4.1.1 Dissimilar metals. Unless suitably protected against
electrolytic corrosion, dissimilar metals as defined in MIL-
STD-889 shall not be used in intimate contact with each other.

3.4.1.2 Magnesium. Magnesium or magnesium alloy shall no’ be
used in the manufacture of breakaway valves.

3.4.1.3 Copper, copper alloys, and cadmium plating. Copper,
copper alloys, and cadmium plating shall not be used in break-
away valves.

3.4.2 Funqus-proof materials. Materials that are nutrients
for fungi shall not be used where it is practicable to avoid
them. Where used and not hermetically sealed, they shall be
treated with a fungicidal agent acceptable to the procuring
agency.

3.4.3 Castings. Castings shall be clean, sound, and free
from blowholes, porosity, cracks, and any other defects.
Castings shall be in accordance with MIL-C-6021.

3.4.4 Fluid media. The valves shall be suitable for use with
fuels conforming to MIL-G-5572, MIL-T-5624, MIL-J-5161, test
fluid Types I and III per TT-S-735, and test fluid Type II per
MIL-C-7024.

3.5 Parts

3.5.1 Standard parts. Standard parts (MS or AN) shall be used
wherever they are suitable for the purpose and shall be identi-
fied on the drawing by their part number. Commercial utility
parts such as screws, bolts, nuts, and cotter pins may be used
provided (1) they possess suitable properties and are replace-
able by the standard parts without alteration and (2) the cor-
responding standard number is rererenced in the parts list and,
if practicable, on the vendor's drawing. 1In the event that
there are no suitable corresponding standard parts in effect
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on the date of invitation for bids, commercial parts may be
used if they conform to all requirements of this specification.

3.5.2 Threaded parts. Threaded parts shall be in accordance
with MIL-S-8879. The use of pipe threads is prohibited.

3.5.3 Elastomeric parts. Age-sensitive elastomeric parts
shall be subject to age controls in accordance with ANA Bulle-
tin No. 438.

3.6 Design. The valves shall be designed with a frangible
section constructed to fail at predetermined loads in accor-
dance with the reguirements of this specification. Upon sep-
aration, internal self-sealing mechanisms in each valve section
shall automatically close and seal, preventing fluid leakage.
The valves shall be designed to prevent external leakage be-
tween valve separation and closure of both valve halves. The
valves shall be the simplest possible design consistent with
the requirements of this specification. Moreover, the valve
design shall facilitate quantity production.

3.6.1 Special tools. The design shall be such that no spec:al
tools are required to accomplish the installation of each valve
or its removal from the fuel system.

3.6.2 Valve confiquration. L The outside configuration of each
valve, such as the method of mounting, the type of fluid con-

nections, and the permissible envelope, shall be determined by
the contractor to meet the specific needs of each fuel system.

3.6.3 Weight. Each valve shall be of the lowest possible
weight commensurate with the design requirements associated
with the application of the valve.

3.7 Construction. Each valve shall be constructed to with-
stand the strains, jars, vibrations, and other conditions
incident to shipping, storage, installation, and service use.
A valve shall not require, except for initial preservation,
special treatment or controlled environment during storage.

3.7.1 Locking of parts. All threaded parts shall be locked by
safety wiring, self-locking nuts, cotter pins, or other ap-
proved methods. Safety wiring shall be installed in accordance
with MS33540 and shall conform to MS20995. Self-locking nuts
shall be in accordance with MIL-N-25027 and MS33588. Where
loosening or disengagement of the self-locking nut could result
in the nut or other parts entering the fuel system, approval of
the installation shall be obtained from the procuring activity.
Lockwashers or staking is prohibited.
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3.8 Maintainability.

3.8.1 Interchangeability. All parts having the same manufac-
turer's part number shall be directly and completely inter-
changeable with each other with respect to installation and
performance in accordance with MIL-I-8500. Changes in manufac-
turer's part numbers shall be governed by the drawing number
requirements of MIL-D-1000.

3.8.2 Replaceability. Each valve replacement must be effected
without requiring special tools, facilities, or highly skilled
personnel.

3.8.3 Serviceability. Each valve shall be so designed that,
except for preservation procedures, scheduled maintenance,
adjustments, or cleaning is not reguired to maintain physical
or functional capability; and no repairs shall be required
during normal service life.

3.8.4 Service life. Service life shall be 6,000 flight hours
or 10 calendar years. Service life shall be computed from date
of initial aircraft installation to completion of calendar/
flight hour schedule, whichever comes first.

3.9 Performance.

3.9.1 Rated pressure. Each valve shall be designed to operate
at 60 psi or the maximum anticipated fuel system pressure,
whichever is greater.

3.9.2 Temperature range. Each valve shall be designed to
function normally in temperatures ranging from -65°F to +160°F.

3.9.3 Pressure drop. Unless required by specific fuel system
needs, the maximum AP at rated flow shall produce a maximum K
factor of 4.0. K is defined by the equation

where

VH is the calculated velocity head in psi through the
valve at rated flow.

AP is the net pressure drop in psi across the valve under

the same flow conditions at which Vh was determined.

The valve shall not exceed the specified pressure drop when it
is subjected to the test of 4.5.2.
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3.9.4 Leakage.

3.9.4.1 Leakage, before valve separation. There shall be no
external leakage when the valve is subjected to the leakage
test of 4.5.3.

3.9.4.2 Leakage, after valve separation. External leakage
shall not exceed 15 cc/min when each separated valve section
is subjected to the leakage test of 4.5.17.

3.9.5 Proof pressure. There shall be no external leakage
when a valve 1is subjected to the proof pressure test of 4.5.4.

3.9.6 Burst pressure.

3.9.6.1 Burst pressure, before valve separation. There shall
be no external leakage when a valve 1s subjected to the burst
pressure test of 4.5.5.

3.9.6.2 Burst pressure, after valve separation. Each sep-
arated valve section shall be subjected to the burst pressure
test of 4.5.18. Upon return to rated pressure, the leakage
rate shall not exceed 15 cc/min.

3.9.7 Vibration. A valve shall not close nor shall there be
any evidence of structural failure, loosening of parts, or
leakage either during or as a result of the vibration test of
4.5.6.

3.9.8 Fuel resistance and low temperature. There shall be no
leakage when a valve 1s subjected to the test of 4.5.7.

3.9.9 Corrosion resistance. The valve shall function properly
and shall not show evidence of corrosion following the accel-
erated corrosion test of 4.5.8.

3.9.10 Shock. A valve shall not close nor shall there be any
evidence of structural failure during or following the shock
test of 4.5.9. The valve shall meet the requirements of the
leakage test of 4.5.3 following the shock test.

3.9.11 Svurge flow. A valve shall not close nor shall there be
any evidence of failure or loosening of parts following the
surge pressure test of 4.5.10.

3.9.12 Contaminated fuel endurance. Following the contami-
nated fuel endurance test of 4.5.11, a valve shall satisfac-
torily pass the tests of 4.5.15 and 4.5.17.
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3.9.13 Acceleration. A valve shall not close nor shall there
be any evidence of structural failure following the accelera-

tion test of 4.5.12. The valve shall meet the requirements of
the leakage test, 4.5.3, after the acceleration test.

3.9.14 Fungus. A valve shall function properly, and there
shall be no evidence of corrosion or deterioration following
the fungus test of 4.5.13.

3.9.15 Icing. A valve shall function properly, and leakage
shall not exceed that specified in 3.9.19, when it is sub-
jected to the icing test of 4.5.14.

3.9.16 Separation modes. Each valve shall separate and seal
upon application of a predetermined load (3.9.17) caused by a
force producin¢ tension, bending, shear, or combinations
thereof in the frangible section of a valve when subjected to
the static separation test of 4.5.15. Each valve shall also
separate and seal under these modes during the dynamic separa-
tion tests of 4.5.16. No load requirements are imposed during
dynamic tests except that the valve must separate and seal
before any of the attached hardware fails. If an analysis ot
the surrounding aircraft structure and probable impact forces
and directions indicate that a valve ~annot be loaded in a par-
ticular direction, that separation mode requirement may be
waived subject to the approval of the analysis by the pro-
curing activity and at the discretion of the procuring activ-
ity.

3.9.17 Separation loads. Each valve shall meet all opera-
tional and service loads of the aircraft but shall separate

and seal at a force between 25 and 50 percent of the force re-
quired to fail the weakest component of the fuel system adja-
cent to the valve. The separation forces for each valve shall
be determined by analyzing the surrounding aircraft structure
and the probable impact forces on the fuel system components as
illustrated in Figures 1 through 4. Moment arms used in bend-
ing load calculations shall be those determined by the air-
craft manufacturer's analysis of the fuel system configuration
and are constant for the standard and crashworthy system. The
results of such analyses shall be subject to the approval of
the procuring activity. All valves that are located where they
are subject to direct impact during a crash by aircraft struc-
ture or components, or by objects outside the aircraft, shall
separate and seal at a shear force between 25 and 50 percent of
the load required to fail the adjacent fuel system components
or the valve housing, whichever is smaller. All separation
loads shall be verified by the static separation tests of
4.5.15.

35



HOSE END
COUPLING

FLEX HOSE

FRANGIBLE SECTION

o

|'h’|-ll— AIRFRAME STRUCTURE

TANK

METAL TANK FITTING

BREAKAWAY VALVE

p

Lowest Failure

Item Load (lb)* Failure Mode**
Flex Hose 3000 Tension Breakage
Flex Hose 1500 Pullout of End Fitting
Tank Fitting 7500 Pullout of Tank
Hose End Coupling 1650 Break (Bending)
Breakaway Valve 2500 Pullout of Tank Fitting
Breakaway Valve Not more than Break at Frangible
1500 _ 450 Section - Tension Mode
2
Not less than
2200 < 375

Breakaway Valve

Not more than
1650

5 = 825
Not less than
1650 _
=T = 412

Break at Frangible
Section - Bending Mode

*Ioads may or may not be representative; values are for explan-

tory purposes only.

**Conduct similar calculations for shear failure mode.

Figure 1.

36

Sample Separation Load Calculation for
Type I (Cell-to-Line) Breakaway Valve.




FRANGIBLE SECTION

RETAINING RING

VALVE BODY

ARIRCRAFT TANK
CAVITY FLOOR

-+

= ==

ps——— RIB OR SIMILAR AIRCPAFT

STRUCTURE

p—— FUEL CELL WALL

FUEL PORTS

SUMP AREA
AIRCRAFT OUTER SKIN

Lowest Failure

V Breakaway Valve

Item Load (1lb)* Failure Mogde**
Tank Fitting 7500 Pullout of Tank (Tension)!
Retaining Ring 10000 Break (Bending)
Fuel Cell Wall 3000 Tear Around Valve
Breakaway VAlve Not more than Break at Frangible
3000 Section - Shear Mode
—-T = 1500
Not less than
3000 _
= 750
Not more than Break at Frangible
7560 _ 3750 Section - Tension Mode
Not less than
20 - 1875

*Loads may or may not be representative; values are for explana-
tory purposes only.

**Conduct similar calculations for Lending mode.

Figure 2. Sample Separation Load Calculation for
Type II (Cell-to-Cell) Breakaway Valve.
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COMPONENT COMPONENT

BREAKAWAY VALVE

q BRACKET
HOSE END
FITTING

FLEX HOSE
TUBE ELBOW FRANGIBLE
FITTING SECTION STANDARD
AN FITTING
Lowest Failure
Item Load (lb)* Failure Mode**
Flex Hose 3000 Tension Breakage
Flex Hose 1500 Pullout of End Fitting
Hose End Fitting 1650 Break (Bending)
Standard AN Fitting 1700 I'reak (Bending)
Tube Elbow Fitting 900 Break (Bending)
Component Structural 4500 Pullout of Structure
Attachments
Breakaway Valve Not more than Break at Frangible
900 _ 450 Section - Bending Mode
Not less than
900
B 225
Breakaway Valve Not more than Break at Frangible
1500 _ Section - Tension Mode
= 750
Not less than
1520 = 325

*Loads may or may not be representative; values are for explana-
tory purposes only.

**Conduct similar calculations for shear mode.

Figure 3. Sample Separation Load Calculation for Type
III (Line-to-Line) Breakaway Valve.
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COMPONENT
BREAKAWAY VALVE

BRACKET
HOSE END

FITTING BULKHEAD

TUBE ELBO FRANGIBLE
FITTING SECTION FLEX HOSE
Lowest Failure
Item Load (1b)* Failure Mode**
Fle: Hcuse 3000 Tension Breakage
Flex Hose 1500 Pullout of End Fitting
Hose End Fitting 1650 Break (Bending)
Tube Elbow Fitting 900 Break (Bending)
Component Structural 4500 Pullout of Structure
Attachments
Breakaway Valve Not more than Break at Frangible
900 _ 450 Section - Bending Mode
5 =
Not less than )
20 = a5
Breakaway Valve Not more than Break at Frangible
1500 _ 250 Section - Tension Mode
Not less than
1500 _ 325

*Loads may or may not be representative; values are for explana-
tory purposes only.

**Conduct similar calculations for shear failure mode.

Figure 4. Sample Separation Load Calculation for Type
IV (Line-to-Bulkhead) Breakaway Valve.
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3.9.18 Valve closure. The self-sealing mechanisms of a valve
shall close before a maximum relative displacement of 0.125
inch occurs between the separating valve sections at the point
of fracture.

3.9.19 SEillage. The amount of fuel spillage upon valve sep-
aration shall not exceed four times the volume trapped between
the self-sealing mechanisms of the valve.

3.9.20 Dissassembly and irspection. Upon completion of all
tests, any evidence of corrosive action or abnormal wear which
might cause malfunction shall be reported.

3.10 Color and finishes.

3.10.1 Color identification. Valves shall be marked as speci-
fied in MIL-F-8615.

3.10.2 Finishes.

3.10.2.1 Aluminum alloy. Aluminum alloy parts shall be ano-
dized in accordance with MIL-A-8625.

3.10.2.2 Corrosion-resistant steel. Corrosion-resistant
steel parts shall be passivated in accordance with QQ-P-35.

3.10.2.3 Chromium plating. Chromium plating shall conform to
QQ-C-320, class 2.

3.11 Product markings.

3.11.1 1Identification. All valves shall be marked for iden-
tification in accordance with MIL-STD-130.

3.11.2 Nameplate. A nameplate containing the following infor-
mation shall be securely attached to each valve, or the infor-
mation may be etched, engraved, embossed, or stamped in a
suitable location on the valve:

Valve, breakaway, self-sealing

Purchaser's part number

Manufacturer's name or trademark

Manufacturer's part number

Manufacturer's serial number
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3.11.3 Drawings. Manufacturer's assembly and detail drawings
shall conform to MIL-D-1000.

3.12 Workmanship. Attention shall be given to neatness and
thoroughness of assembly, alignment of parts, tightness of
assembly screws &nd bolts, marking of parts, painting, and re-
moval of burrs and sharp edges.

3.12.1 Cleaning. All parts shall be clean and free from dirt,
sand, metal chips, and cother foreign matter during and after
assembly.

4. QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for inspection. Unless otherwise specified
in the contract or purchase order, the supplier is responsible
for the performance of all inspection requirements as specified
herein. The supplier may use his own or any other facilities
suitable for the performance of the inspection requirements
specified herein, unless disapproved by the Government or
otherwise specified in the contract or order. ‘he Government
reserves the right to perform any of the inspections set forth
in the specification where such inspections are deemed neces-
sary to assure that suppliers and services conform to pre-
scribed requirements.

4.2 Classification of inspections. The inspection and testing
of self-sealing breakaway valves shall be classified as follows:

a. First article inspection (4.3).
b. Quality conformance inspection (4.4).

4.3 First article inspection.

4.3.1 First article samples. The first article inspection
samples shall consist of a minimum of eight valves.

4.3.2 First article tests. First article tests shall consist
of the examinations and tests shown in Table 1 and conducted in
the sequence shown.

4.3.3 Rejection and retest of first article samples. If a
valve faills any of the first article tests, the tests shall be
terminated. The replacement valve shall have a redesigned part
or shall have different material in the part corresponding to
the failed part, except that if the failure was caused by
faulty material or workmanship, the procuring activity may
authorize the retest of another valve of the original design.
The first article tests shall be considered complete when every
valve has concurrently completed the first article tests.
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TABLE 1.

FIRST ARTICLE TESTS

Require-

ment Method Sample Number
Examination or Test [Paragraph | Paragraph 2| 3|4]5]|6
Examination of 3.11,
Product 3.12 4.5.1 XX [|X|[Xx{X
Pressure Drop 3.9.3 4.5.2
Leakage Before
Valve Separation 3.9.4.1 4,5.3 X|X|X (XX
Proof Pressure 3.9.5 4.5.4 XXX [|X]|X
Burst Pressure Before
Valve Separation 3.9.6.1 4.5.5 XX
Vibration 3.9.7 4.5.6
Fuel Resistance and
Low Temperature 3.9.8 4.5.7
Corrosion
Resistance 3.9.9 4.5.8 X
Shock 3.9.10 4.5.9 X
Surge Flow 3.9.11 4.5.10 X
Contaminated Fuel
Endurance 3.9.12 4.5.11 X
Acceleration 3.9.13 4.5.12 X
Fungus 3.9.14 4.5.13 X
Izing 3.9.15 4.5.14 X
Static Separation
(T = Tension, B =
Bending, S = Shear,
A = Tension or 3.9.16
Bend) 3.9.17 4,515 B|S |[A}A
Dynamic Separation
(T = Tension, B = 3.9.16
Bending, S = Shear) 4.5.16 T
Leakage After Valve
Separation 3.9.4.2 4.5.17 XIX X |X|X
Burst Pressure After
Valve Separation 3.9.6.2 4.5.18 XX | X [X]X
Disassembly and
Inspection 3.9.20 4.5.19 X |X |X |[X|X
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4.4 Quality conformance inspection. Quality conformancg in-
spection shall consist of the acceptance tests and sampling

tests.

4.4.1 Acceptance tests. Each valve shall be subjected to the
following examination and tests:

a. Examination of product (4.5.1).
b. Leakage before separation (4.5.3).
c. Proof pressure (4.5.4).

4.4.2 Sampling tests. Samples shall consist of three valves
selected from:

a. Each lot of 200 valves, or
b. Each 90-day production

whichever occurs first. Samples shall be subjected to the
following examinations and tests:

a. Examination of product (4.5.1)

b. Leakage before separation (4.5.3)

c. Proof pressure (4.5.4)

d. Burst pressure before separation (4.5.5)

e. Static separation (one valwve in tension,
one in bendinc, one in sheaf)* (4.5.15)

f. Leakage after separation (4.5.17)
g. Burst pressure after separation (4.5.18)
h. Disassembly and inspection (4.5.19)

4.4.3 Rejection and retest of quality conformance samples.
Failure of any representative sample shall be cause for the
rejection of the lot represented. Valves which have been re-
jected may be reworked to correct the defects and resubmitted
for acceptance. Before resubmitting, full particulars con-
cerning previous rejection and the action taken to correct the
previous defects shall be furnished the Government inspector.

*If one of the separation modes has been waived by the pro-
curing activity (see 3.9.16), only two valves need to be
tested.
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Valves rejected after retest shall not be submitted without
the specific approval of the procuring activity.

4.5 Test methods.

£.5.1 Examination of product. Each valve submitted for ac-
ceptance shall be examined tOo determine its conformance to the
requirements of this specification with respect to design,
workmanship, and identification.

4.5.2 DPressure drop. A pressure drop test shall be conducted
on the valve 1in accordance with SAE ARP 868. Sufficient data
shall be recorded to permit the plotting of curves. The pres-
sure drop graph shall show the net pressure drop of the valve
using test fluid conforming to MIL-C-7024, Type II, and fuel
conforming to MIL-T-5624, Grade JP-5. The pressure drop shall
not exceed the pressure drop specified in 3.9.3.

4.5.3 Leakage before valve separation. Each valve shall be
pressurized over a range of -6 psi to +60 psi. The pressure
shall be brought to -6 psi and held at that pressure for 1
minute. The pressure shall then be gradually increased to 60
psi over a period of 1 minute and held at that pressure for an
additional 1 minute for the quality conformance tests and 30
minutes for the first article tests. Leakage shall not exceed
that specified in 3.9.4.1.

4.5.4 Proof pressure. Each valve shall be pressurized to 120
psi. This pressure shall be held for a period of 1 minute for
the quality conformance tests and 30 minutes for the first
article tests. There shall be no visible external leakage
during this test as specified in 3.9.5.

4.5.5 Burst pressure before valve separation. The valve shall
be pressurized to 180 psi for 15 seconds, after which the pres-
sure shall be reduced to 60 psi and held for an additional 1
minute. There shall be no visible leakage as specified in
3.9.6.1.

4.5.6 Vibration. The valve shall be subjected to the vibra-
tion tests of MIL-STD-810, Method 514, Procedure 1, Part 1.

The vibration test curve to be selected from MIL-STD-810 shall
be M or 2, whichever is applicable, or any alternate curve
specified by the procuring activity. The valve with its at-
tached hoses shall be attached by its normal mounting means to
a rigid fixture capable of transmitting the specified vibration
conditions. The hoses attached to the valve shall be supported
in such a way as to impose loads that are representative of a
production installation. The valve shall not be actuated
during the test. Upon completion of the test, the valve shall

be subjected to the leakage test of 4.5.3.
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4.5.7 Fuel resistance and low temperature. The valve shall
be subjected to the fuel-resistance and low-temperature test
schedule specified in Table 1, Class A, MIL-F-8615. The leak-
age test of 4.5.3 shall be conducted after each phase.

4.5.8 Corrosion resistance. The valve shall be subjected to
the accelerated corrosion test specified in MIL-F-8615. On
completion of the last cycle, the valve shall be washed with
warm water to remove all salt accumulation, dried, and sub-
jected to the leakage test of 4.5.3.

4.5.9 3hock. The valve shall be subjected to the shock test
of MIL-STD-810, Method 516, Procedure I. The plot of acceler-
ation versus time shall approximate a sawtooth pulse. Follow-
ing the shock test, the leakage test of 4.5.3 shall be re-
peated.

4.5.10 Surge flow. The valve shall be subjected to a flow of
five times the rated flow in the normal flow direction for 5
seconds minimum. This surge flow pattern shall be repeated
100 times. The valve shall be examined for evidence of flow
blockage and internal damage, and then subjected to the leak-
age test of 4.5.3.

4.5.11 Contaminated fuel endurance. Test fluid containing
the types and concentrations of contaminants specified in MIL-
F-8615 shall be circulated through the valve at rated flow for
2-1/2 hours, followed by an additional circulation period of
2-1/2 hours with the test fluid flow rate reduced to 10 per-
cent of rated flow. Following this 5-hour circulation period,
the valve shall be subjected to the static separation test of
4.5.15. If a recirculating fluid system is used, the minimum
fluid quantity in the system shall equal the total fluid flow
for 2 minutes at the rated flow of the valve plus 10 gallons.

4.5.12 Acceleration. The acceleration test shall be per-
formed on the valve in accordance with MIL-STD-810, Method 513,
Procedure 1. Upon completion of the acceleration tests, the
valve shall immediately be subjected to the leakage test of
4.5.3.

4.5.13 Fungus. The valve shall be subjected to the fungus
test of MIL-STD-810, Method 508. The fungus spore suspension
shall be sprayed on the inside and outside of the valve until
it is thoroughly wet with the spray. Upon completion of the
test, the valve shall be subjected to the leakage test of
4.5.3.

4.5.14 Icing. The valve shall be installed in the test sys-
tem in the attitude that represents the valve's installation
in the aircraft. One gallon of water shall then be passed
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LOAD

j-t—— LOAD CELL

-a— PRESSURE

1t

r=J TEST FIXTURE

— TEST VALVE

L.t el PRESSURE

TENSILE TESTER CROSSHEAD

Figure 5. Typical Test Setup for Static
Tension Separation.

h—-l SPECIFIED
|MOMENT ARM
LOAD | DETERMINED BY
IMANUFACTURER S
IANALYSIS

PRESSURE LOAD CELL

..... ---1 p—— TEST FIXTURE
SIS PRESSURE

TENSILE TESTER CROSSHEAD

Figure 6. Typical Test Setup for Static
Bending Separation.
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through the system at a flow rate not to exceed 1/2 gallon per
minute. The test fluid at 0°F shall then be circulated

through the system at 10 percent of rated flow until the valve
temperature has stabilized at 0°F for a period of 1/2 hour.

The test system shall also incorporate a method for maintaining
a 0°F environment on the external parts of the valve. With the
chill cycle complete, the valve shall be subjected to the test
of 4.5.15. At no time throughout the static separation test
shall the temperature of any part of the valve rise above 20°F.
Total fluid spi.lage during separation shall not exceed that
specified in 3.9.19. Following the test, each valve section
shall be subjected to the leakage test of 4.5.17 and the burst
pressure test of 4.5.18.

4.5.15 Static separation. The valve shall be mounted in a
test fixture and subjected to tension, bending, or shear forces
sufficient to cause complete valve separation. Typical test
setups are shown in Figures 5, 6, and 7. The bending force
shall be applied through the moment arm anticipated in the
aircraft installation as determined by the manufacturer's ana-
lysis. A fluid pressure of 5 *1 psi shall be maintained in
the valve throughout the entire test procedure. The test load
shall be applied at a constant rate not exceeding 20 inches
per minute until separation occurs. The measured force re-
quired to separate the valve shall be within the limits speci-
fied in 3.9.17. Total fluid spillage occurring upon valve
separation shall not exceed that specified in 3.9.19. After
completion of the test, each valve section shall be subjected
to the leakage test of 4.5.17 and the burst pressure test of
4.5.18.

4.5.16 Dynamic separation. The valve shall be dynamically
separated 1n a tension, bending, or shear mode. The valve
shall be mounted to the test fixture with attaching hardware
identical to that used in the production installation. Ten-
sion and bending forces shall be applied to the valve through
attached hoses identical to those used in the aircraft in-
stallation. The test load shall be applied in less than .005
second, and the velocity change experienced by the loading jig
shall be 65 *5 feet per second. A fluid pressure of 5 *1 psi
shall be maintained in the valve throughout the test. After
completion of the test, each valve section shall be subjected
to the leakage test of 4.5.17 and the burst pressure test of
4.5.18.

4.5.17 Leakage after valve separation. Each valve section
shall be pressurized over the entire rated pressure range. An
initial pressure of -6 psi shaii be applied to the valve sec-
tion and shall be gradually increased to 60 psi over a period
of 1 minute for the quality conformance tests and 30 minutes
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2

LOAD

TEST FIXTURE
s—— LOAD CELL

PRESSURE e

=l ~a—— PRESSURE

———

TENSILE TESTER CROSSHEAD

Figure 7. Typical Test Setup for Static Shear Separation.

for the first article tests. Leakage shall not exceed that
specified in 3.9.4.2.

4.5.18 Burst pressure after valve separation. Each valve sec-
tion shall be pressurized to 180 psi and held for a period of
15 seconds, after which the pressure shall be reduced to 60 psi
and held for an additional 1 minute. Leakage shall not exceed
that specified in 3.9.6.2.

4.5.19 Disassembly and inspection. Each valve section shall

be disassembled and inspected for evidence of physical distor-
tion of parts, corrosive action, or abnormal wear which might

cause malfunction of the connector assembly. Any such condi-

tions shall be reported.

4.6 Test conditions. Unless otherwise specified, the follcw-
ing test conditions shall apply during the tests performed in
accordance with this specification.

4.6.1 Cleaning. Prior to testing any valve, all lubricants
and preservative compounds, except permanent protective coat-
ings such as paint, shall be removed from the external parts
of the unit and from all internal parts which are normally
wetted with fuel.

4.6.2 Test fluid. Unless otherwise specified, the test fluid
shall be 1n accordance with TT-S-735.
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4.6.2.1 Type I fluid shall be TT-S-735, Type I.
4.6.2.2 Type III fluid shall be TT-S-735, Type III.
4.6.3 Room temperature and pressure. Unless otherwise speci-

fied, all tests shall be conducted at temperatures of 60° to
90°F and at atmospheric pressure (30 *2 inches Hg).

4.6.4 Temperature tolerance. Unless otherwise specified, the
following temperacare tolerances shall be maintained:

Specified Temperature Tolerance
Above 100°F *10°F
Below 100°F £59R

4.6.5 Attitude. Unless otherwise specified, all tests shall
be conducted with the valve mounted in the attitude that repre-
sents the valve's installation in the aircraft.

4.6.6 Test equipment calibration. Test equipment required to
perform the testing described herein shall be calibrated within
the specified periods established by MIL-C-45662. Ranges and
accuracy of instrumentation shall be capable of providing test
data within the specified tolerances.

5. PREPARATION FOR DELIVERY

5.1 Preservation and packaging. Self-sealing breakaway valves
shall be preserved and packaged in accordance with MIL-STD-794.

5.2 Packing.

5.2.1 Levels A and C. The valves shall be packed in accor-
dance with MIL-STD-794. Unless otherwise specified, level A
containers shall be used and shall conform to PPP-B-601, over-
seas type, constructed of NN-P-530 plywood conforming to stan-
dard grade. The plywood shall have the grade stamp of an ap-
proved testing agency and shall be surface treated in accor-
dance with TT-W-572. Level C packing designation shall be
used only if specifically authorized by the procuring activity.

5.3 Marking of shipments. In addition to any special marking
required by the contract or order, unit packages, intermediate
packages, ard shipping containers shall be marked in accordance

with MIL-STL-129.
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6. NOTES

6.1 Intended use. This specification is intended for use by
aircraft manufacturers in designing and testing self-sealing
breakaway valves for crash-resistant aircraft fuel systems of
fixed-wing and rotary-wing aircraft.

6.2 Ordering data. Procurement documents should specify the
following:

a. Title, number and date of this specification.
b. Classification of valve (1.2).

c. The responsibility for inspections and the classifica-
tion of inspections (4.1 and 4.2).

d. Quality conformance inspection (4.4).

e. Level of preservation, unit packaging, and packing
required (5.1).

f. Engineeing drawings for procuring activity review.

6.3 Definitions.

6.3.1 Valve. Unless otherwise specified, the word "valve"
shall be construed to mean a complete assembly.

6.3.2 Valve section. Valve section shall be construed to
mean a part of the "valve" after separation.
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DRAFT MILITARY SPECIFICATION

FUEL SYSTEM, AIRCRAFT, STANDARD AND CRASHWORTHY,
GENERAL SPECIFICATION FOR

1. SCOPE

1.1 This specification covers the requirements for design,
performance, instiallaticon, and testing and establishes the
baseline for subsequent logistics and maintenance support, in-
cluding operation, inspection, servicing, replacement, repair,
overhaul, and modification of the fuel system and fuel subsys-
tems of fixed-wing and rotary-wing aircraft powered by air-
breathing engines. In the event of conflicts between this
document and referenced documents, this document governs.

1.2 Subsystems. Requirements for the following fuel subsys-
tems are covered in this specification:

a. Engine feed and transfer subsystem
b. Aircraft fuel tank subsystem
c. Explosion suppression subsystems
d. Fuel vent subsystem
e. Fuel quantity gaging subsystem
f. Refueling and defueling subsystem
2.5 APPLICABLE DOCUMENTS
2.1 The following documents, of the issue in effect on date of

invitation for bids or request for proposal, form a part of
this specification to the extent specified herein.

SPECIFICATIONS

Federal

BB-N-411 Nitrogen, Technical

QQ-P-416 Plating, Cadmium (Electrodeposited)

WW-T=700 Tube, Aluminum and Aluminum Alloy, Drawn, Seam-

less, General Specification for
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Military

MIL-E-5007
MIL-R--5087
MIL-W-5088
MIL-P-5238
MIL-T-5578
MIL-C-6021
MIL-T-6396
MIL-H-7061
MIL-E-7080

MIL-F-7179

MIL-T-7378
MIL-C-7413

MIL-V-7899
MIL-G-7940

MIL-P-8045
MIL-I-8500
MIL-T-8606

MIL-V-8608
MIL-V-8610

MIL-F-8615
MIL-S-8710
MIL-H-8795
MIL-A-8865
MIL-C-22263

MIL-V-25023
MIL-M-25047

Engine, Aircraft, Turbojet ard Turbofan,
General Specification for

Bonding, Electrical, and Lightning Protection,
for Aerospace Systems

w%ring, Aircraft, Selection and Installation
o

Pump, Centrifugal, Fuel Booster, Aircraft,
General Specification for

Tank, Fuel, Aircraft, Self-Sealing

Casting, Classification and Inspection of
Tanks, Fuel, 0il, Water-Alcohol, Coolant Fluid,
Aircraft, Non-Self-Sealing, Removable, Inter-
nal

Hose, Rubber, Aircraft, Self-Sealing, Aromatic
Fuel

Electric Equipment, Aircraft, Selection and
Installation of

Finishes and Coating, General Specification
for Protection of Aerospace Weapons Systems,
Structures and Parts

Tanks, Fuel, Aircraft, External, Auxiliary
Removable

Coupling, Quick-Disconnect, Automatic Shutoff,
General Specification for

Valve, Check, Aircraft Fuel System

Gage, Liquid Quantity, Capacitor Type, Instal-
lation and Calibiation of

Plastic, Self-Sealing and Non-Self-Sealing
Tank Backing Material

Interchangeabilicy and Replaceability of Com-
ponent Parts for Aircraft and Missiles
Tubing, Steel, Corrosion-Resistant (18-8
Stabilized)

Valves, Fuel Shutoff, Electric Motor Operated
Valves, Fuel Shutoff Solenoid Operated, 28
Volt DC

Fuel System Components, General Specification
for

Strainer, Aircraft Fuel System, General Speci-
fication for

Hose Assembly, Rubber, Hydraulic, Fuel and
0il Resistant

Airplane Strength and Rigidity, Miscellaneous
Loads

Coupling, Fuel Line, Flexible, 125 PSI

Valve, Fuel Drain, Self-Locking

Marking and Exterior Finish Colors for Air-
planes, Airplane Parts, and Missiles (Bal-
listic Missiles Excluded)
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MIL-E-25499

MIL-H-25579

MIL-A-25896
MIL-S-25980

MIL-S-26390
MIL-G-26988

MIL-V-27393B*

MIL-T-27422
MIL-V-38003

MIL-C-38373
MIL-H-58089

MIL-C-81511
MIL-B-83054
MIL-T-83219

MIL-C-83291
MIL-I-83294

STANDARDS

Military

MIL-STD-100
MIL-STD-130

MIL-STD-143
MIL-STD-461
MIL-STD-470
M;L-STD-704

MIL-STD-889

Electrical System, Aircraft, Design and In-
stallation of, General Specification for

Hose Assembly, Tetrafluoroethylene, High Tem-
perature Medium Pressure, General Require-
ments for

Adapter, Pressure Fuel Servicing, Aircraft,
Nominal 2-1/2-Inch Diameter

Switch, Float, Aircraft Fuel Level, General
Specification for

Switch, Pressure, Aircraft Fuel

Gage, Liquid Quantity, Capacitor Type Tran-
sistorized, General Specification for

Valves, Self-Sealing Breakaway, Crash-
Resistant, Aircraft Fuel System

Tank, Fuel, Crash-Resistant, Aircraft

Valve, Fuel Level Control, Fuel Tank, Air-
craft, General Specification for

Cap, Fluid Tank Filler

Hose Assemblies and Hose, Rubber, Lightweight,
Medium Pressure, and End Fittings

Connector, Electrical, Circular, High Density,
Quick-Disconnect, Environment Resisting, and
Accessories, General Specification for

Baffle Material, Aircraft Fuel Tank

Truck, Tank A/S32R-~9

Cover, Self-Sealing, Fuel Line, Aircraft
Installation Requirement, Aircraft Propulsion
Systems, General Specification for

Engineering Drawing Practices

Identification Marking of U, S. Military Prop-
erty

Standards and Specifications, Order of Prece-
dence for the Selection of

Electromagnetic Interference Characteristics
Requirements for Equipment

Maintainability Program Requirements (For Sys-
tems and Equipments)

Electric Power, Aircraft, Characteristics and
Utilization of

Dissimilar Metals

*Refers to draft specification included elsewhere in this
report - not to published specification.
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MIL-STD-1247 Markings, Functions and Hazard Designations
of Hose, Pipe, and Tube Lines for Aircraft,
Missile, and Space Systems

MS29520 Nozzle, Pressure Fuel Servicing, Locking, Air-
craft, Type D-1

MS29525 Cap, Pressure Fuel Servicing, 2-1/2-Inch Flush
Type

MS29526 Cap, Pressure Fuel Servicing, Nominal 2-1/2-
Inch Diameter, Non-Flush Type

MS33514 Fitting End, Standard Dimensions for Flare-
less Tube Connection and Gasket Seal

MS33583 Tubing End, Double Flare, Standard Dimensions
for

MS33584 Tubing End, Standard Dimensions for Flared

MS33611 Tube Bend Radii

MS33645 Receptacle, Grounding, Installation of

MS33649 Bosses, Fluid Connection - Internal Straight
Thread

(Copies of specifications, standards, drawings, and publica-
tions required by suppliers in connection with specific pro-
curement functions should be obtained from the procuring
activity or as directed by the contracting officer.)

2.2 Other publications. The following document forms a part
of this specification to the extent specified herein. Unless
otherwise indicated, the issue in effect on the date of in-
vitation for bids or request for proposal shall apply.

Federal Aviation Administration

FAA Advisory Circular 20-53 Protection of Aircraft Fuel
Systems Against Lightning

(Application for copies should be addressed to the Federal
Aviation Administration, Washington, D. C. 20553.)

3. REQUIREMENTS

3.1 Selection of specifications and standards. Specifica-
tions and standards for necessary commodities and services not
specified herein shall be selected in accordance with MIL-STD-
143,

3.2 Materials. Materials and processes used in the manufac-
ture of aircraft fuel systems shall be of high quality, suit-
able for the environment expected for the aircraft, and shall
conform to applicable Government specifications. Materials
conforming to contractors' specifications may be used pro-
vided the specifications are released by the Services and con-
tain provision for adequate tests. The use of contractors'
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specifications must be approved by the procuring activity.

All materials shall be sufficiently resistant to applicable
fluids specified in the aircraft specification to assure satis-
factory operation as defined herein.

3.2.1 Selection of materials. Specifications and standards
for all materials, parts, and Government certification and ap-
proval of processes and equipment which are not specifically
designated hereii and which are necessary for the execution of
this specification shall be selected in accordance with MIL-
STD-143, except as specified in 3.2.1.1.

3.2.1.1 Standard parts. Standard parts (MS or AN) shall be
used wherever they are suitable for the purpose, and shall be
identified on the drawing by their part numbers. Commercial
utility parts such as screws, bolts, nuts, and cotter pins may
be used, provided they possess suitable properties and are re-
placeable by the standard parts (MS or AN) without alteration,
and provided the corresponding standard part numbers are ref-
erenced in the parts list and, if practicable, on the con-
tractors' drawings. In the event that there is no suitable
corresponding standard part in effect on the date of invita-
tion for bids or request for proposal, ccrnmercial parts may be
used provided they conform to all requirements of this specifi-
cation.

3.2.1.2 Fungus-proof materials. 'laterials that are nutrients
for fungi shall not be used where it is practicable to avoid
them., Where used and not hermetically sealed, they shall be
treated with a fungicidal agent acceptable to the procuring
activity.

3.2,1.3 Metals. Metals shall be corrosion resistant or
treated to resist corrosion due to fuels, salt spray, atmos-
pheric conditions, or wear likely to be encountered in trans-
portation, storage, or during normal service life.

3.2.1.4 Dissimilar metals. Dissimilar metals as defined in
MIL-STD-889 shall not be used in intimate contact with each
other unless suitably protected against electrolytic corrosion.

3.2.1.5 Magnesium, copper, and cadmium. Alloys of magnesium
and copper sha not be use n parts that come into contact
with fuel. Cadmium plating used in the fuel system shall be
class 2, type II of QQ-P-416.

3.2,1.6 Protective treatment. When materials are used that
are subject to deterioration when exposed to climatic and en-
vironmental conditions likely to occur during storage or ser-
vice usage, they shall be protected against such deterioration
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in a manner that will in no way prevent compliance with the
performance requirements of the specification. The use of any
protective coating that will chip, crack, abrade, peel, or
scale with usage, age, or extremes of climatic and environ-
mental conditions is prohibited.

3.2.1.7 Castings. Castings shall be clean, sound, and free
from blow holes, porosity, cracks, and any other defects.
Castings shall be in accordance with the applicable class
designated in MIL-C-6021.

3.3 Reliability. The reliability program for the fuel system,
fuel subsystems, and components shall be integrated with the
overall aircraft system reliability program.

3.4 Maintainability. The maintainability program for the fuel
system, fuel subsystems, and components shall be integrated
with the overall aircraft system maintainability program and
shall comply with the requirements of MIL-STD-470. All air-
craft fuel system components shall be accessible for inspection,
cleaning, and adjustment or replacement while installed on the
aircraft, with tools normally found in a mechanic's tool kit
and without removal of the engine, fuel tanks, or important
parts of the aircraft structure.

3.4.1 "Stacked" assemblies. When there are "stacked" assem-
blies, they shall use flanged arrangements which prevent as-
sembly if a part is missing. Alternatively, use indicator
markings which are exposed if parts are omitted.

3.4.2 Right-hand and left-hand parts. Right-hand and left-
hand parts shall be identical and 1interchangeable or shall have
some design feature to prevent their interchange during assem-
bly.

3.4.3 PBolt sizes. When bolts of different sizes are used near
the same location, widely differing sizes shall be specified.
Two bolts identical except for length shall not be used in the
same location. Design shall protect against damage to parts
caused by accidental use of screws or bolts which are too long.

3.4.4 Mounting. Where reversed or rotated mounting of a part
cannot be tolerated, nonsymmetrical mounting arrangements (in-

cluding keyways or pins) shall be used. Parts that are capable
of proper operation when mounted in any orientation are more

desirable.

3.4.5 Cable receptacles. Identical cable receptacles shall
not be used 513e-Ey-si3e unless internal connections to the
adjacent receptacles are identical.
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3.4.6 Lug-terminated electrical leads. Where lug-terminated
electrical leads are required, one ot the following systems
shall be used (in order of preference): (1) different lead
lengths from the cable tie-~down point, (2) different sized
lugs, (3) identification of leads and terminals, (4) color
coding of leads and terminals.

3.5 Design and construction. The fuel system and all of its
subsystems and components shall be designed in accordance with
the requirements of this specification and those dictated by
the operational environment and mission of the aircraft as de-
scribed in the aircraft system specification. The fuel system
shall be designed to supply fuel to the engine(s) on an unin-
terrupted basis and shall function satisfactorily under all
possible design operating conditions for the aircraft. The
system shall in no way limit aircraft performance within al-
lowable engine and aircraft operating limits. Maximum use
shall be made of existing standard hardware to minimize devel-
opment and testing costs.

3.5.1 Approval of design and development. As the development
of the overall aircraft system progresses, procuring activity
engineering approval of the contractor efforts shall be ob-
tained for each document that controls the design and develop-
ment of the fuel system and for each document that substanti-
ates performance of the fuel system, its subsystems, and
critical components. Procuring activity approval of the in-
stalled fuel system shall be obtained before acceptance of pro-
duction aircraft. Adequate documentation to define and control
the development of the fuel system shall be prepared and sub-
mitted as specified in the data requirements of the contract.
As a guide for the type of information desired, see the appen-
dix to this specification.

3.5.2 Failure concept. A single failure of a functional com-
ponent of the fuel system or any other subsystem supplying
power to the fuel system shall not prevent the completion of
the mission. After two failures «f the fuel system or other
subsystem supplying power to the fuel system, the fuel system

shall have the capability for recovery of the aircraft.

3.5.2.1 Failure analysis. A complete fuel system failure ana-
lysis shall be conducted and a report prepared. The analysis
shall encompass any component or system failure that has any
effect on the fuel system and any fuel component or system
failure that affects any other aircraft component or system.,
The study shall not be limited to single failures but should
account for multiple failures in critical flight modes and

during emergency conditions.
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3.5.3 General overall fuel system. The fuel system shall be
designed for maximum simplicity consistent with aircraft mis-
sion requirements. The same piping and components may be used
in more than one fuel subsystem but not when a simultaneous
operation of two subsystems will occur. There shall be no ex-
ternal leakage from the fuel system nor shall there be any in
the "mated" condition during refueling. All fuel lines shall
have thermal relief provisions.

3.5.3.1 Fuel. The fuel system shall be suitable for use of
any fuel speciiied in the eng.ne or aircraft specifications.
Degradation of performance or any special maintenance activity
caused by the use of an alternate or emergency fuel shall be
identified by the contractor.

3.5.3.2 Environmental

3.5.3.2.1 Temperature environment. The fuel system shall be
designed to operate throughout a fuel temperature range from
-65°F to +135°F. The ambient air temperature range shall be
-65°F, for operating, and -80°F, for non-operating, to +160°F.
These temperatures shall be applicable to fuel systems which
are not affected by fuel heating due to location in hot com-
partments. In these latter cases, the temperature requirement
for some components in the fuel system may exceed the tempera-
tures specified. These components shall be identified and the
maximum temperature specified.

3.5.3.2.2 1Icing. The fuel system shall be so designed that
icing will not adversely affect system operation. Safety of
flight of the aircraft shall not be jeopardized when operating
with 0.75 cubic centimeter of free water per gallon of fuel in
excess of saturation at 80°F at the critical icing temperature.
The fuel system shall be capable of continuous operation with
fuel initially saturated with water at 80°F and cooled to any
temperature down to and including -65°F. The system shall per-
form satisfactorily under these conditions with fuel containing
no anti-icing additive and without draining or cleaning the
system.

3.5.3.3 Pressure. The fuel system and its components shall be
designed for an operating pressure of 60 pounds per square inch
gage (psig); a proof pressure of 120 psig without malfunction,
failure, permanent distortion, or external leakage; and an
ultimate pressure of 180 psig without external leakage. The
components are not required to operate when subjected to ulti-
mate pressure; however, they shall function properly when the
pressure is reduced to the proof pressure. The vent subsystem
shall be designed for an operating pressure commensurate with
the tank design (3.7.1.1). The proof and ultimate pressure of
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the vent subsystem shall be two and three times the operating
pressure, respectively. The refueling subsystem shall be de-
signed for an operating pressure of 60 psig, a proof pressure
of 120 psig, and an ultimate pressure of 180 psig.

3.5.3.4 Components. Components shall comply with the appli-
cable military specification. Fuel system components not
covered by specific Government specifications shall conform to
the applicable parts of MIL-F-8615. Specifications shall be
prepared by the contractor in aznordance with the appendix of
MIL-F-8615 for all fuel system components except standard hard-
ware such as bolts and O-rings. Whenever possible, components
that are used in other aircraft systems <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>